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EP0770579A1 
Description 

The present invention relates to a modified titanium oxide (TiOg) sol, a photocatalyst composition and a photocat- 
alyst composition-forming agent 
5 Titanium oxide is known as a white pigment excellent in masking or covering power and is widely used in many 
industrial fields including fields of fibers and coating materials. Further, titanium oxide particles show a quantum size 
effect due to the energy band structure, like usual semiconductor fine particles. 

Due to a high refractive index and a particle size dependency of the light absorption wavelength range brought by 
this quantum size effect fine titanium oxide particles having a particle size of 0.1 urn exhibit a performance of shielding 
10 ultraviolet rays while permitting visible light rays to pass therethrough. Such a performance is known as an effective 
means to prevent adverse effects by ultraviolet rays without impairing the transparency, the beauty or the appearance 
and to lessen the ultraviolet rays, and it is utilized in various fields including fields of resins, ffoers, coating materials, 
foods, agriculture and cosmetics. 

On the other hand, titanium oxide is known also to be useful as a photocatalyst (Nature 237,37 (1972)). When sem- 
15 iconductor particles, like titanium oxide, absorb a light having an energy exceeding a forbidden band gap, an electron- 
hole pair forms an exciton. When such an exciton performs a charge-transfer or surface capturing reaction in its struc- 
tural relaxation process, a reduction reaction or an oxidation reaction will respectively be proceeded, whereby conver- 
sion between light energy and chemical energy is carried out Such a photocatalytic reaction using a semiconductor 
has attracted an attention as a method for producing a fuel directly from solar energy, but recently, an attention has been 
20 drawn to its application to environmental cleaning (Chemistry and Industry 48, 1 67 (1 995)). 

Titanium oxide is non-toxic by itself. Besides, in its photocalalytic reaction, the sun light can be used as the light 
source, and it provides a strong oxidizing power on the solid surface to oxidize many organic substances to their final 
state. Therefore, it is believed effective for the purpose of environmental cleaning such as a stainproofing, deodorant, 
antibacterial or detoxification purpose, and various specific proposals have heretofore been made. Further, the inher- 
ently hydrophilic clean surface of titanium oxide is always exposed by virtue of the stainproofing effect (J. Chem. Soc. 
Jpn.. 8 (1986)), whereby the hydrophilic nature is maintained, and it is known to contribute to a performance of an artti- 
fogging property. 

For example it has been reported that in a system having titanium oxide particles dispersed in water, tnchloroetn- 
ylene is decomposed to carbon dioxide, chlorine ions. etc. (J. Catal. 82. 404 (1983)). However, it is difficult to separate 
and recover the dispersed titanium oxide from such a system, and such a method has not yet been industrially utilized. 

Various methods have been proposed to fix titanium oxide. For example, it has been reported that a titanium oxide 
coating film prepared by applying a titanium oxide sol dispersed in water, on a substrate, followed by drying and then 
heat treatment at about 500°C. exhibits catalytic effects which are equivalent to particles having high catalytic activities 
(Chem. Lett. 723 (1994). Japanese Unexamined Patent Publication No. 278241/1994). However, the titanium oxide 
coating film thus formed is brittle, although it maintains a film form temporarily, thus leading to a drawback that it is easily 
broken and looses the catalytic effects. 

Further, an attempt has been made to support titanium oxide particles on a silica gel (Bull. Chem. Soc. Jpn. 61. 
359 (1988). J. Ceram. Soc. Jpn. 102, 702 (1994)). However, such an attempt has not been practical, since the catalyst 
concentration is thereby substantially low. 

Further antibacterial tiles have been proposed which are produced by a method wherein titanium oxide particles 
are added, or titanium oxide particles are fixed by a glazing agent (International Publication WO 94/1 1092). However, 
by such a method, the surface of the catalyst particles is mostly covered, so that the catalytic activities have been low, 
and not practical. 

A sanitary ware has been proposed wherein, to supplement such inadequate activities, silver ions, etc. are further 
supported to improve the antibacterial property (Nikkei Materials & Technology (1 44) 57 (1994). Industrial Materials 43. 
96 (1995)). However, the stainproofing property has been poor. 

On the other hand, an atterrpt has been made to form a titanium oxide coating film on a substrate by means of a 
method for forming a metal oxide film by a sol-gel method. For example, it has been reported that trichloroethylene in 
water can be decomposed by using a titanium oxide-coated quartz plate or quartz tube (Japanese Unexamined Patent 
Publication No. 100378/1995. Journal of Water Environmental Association 17. 324 (1994)). However, such a titanium 
oxide coating layer is not industrially utilized, since the photocatalytic activity can be obtained for the first time by repeat- 
ing the film-forming operation for from a few times to twenty times. 

There has been an attempt to attain a high catalytic activity equivalent to particles by means of a CVD film (J. Pho- 
tochem. Potobiol. A 50. 283 (1989)), whereby a coating film can be formed in the form wherefine particles are piled (J. 
55 Chem. Soc. Faraday Trans. 1 . 81 . 31 17 (1985)). or a report that nicotine or tar of tobacco was decomposed by photo 
decomposition (Daily Industrial News Paper. January 5. 1995). However, like the sol-gel method film, the catalytic activ- 
ity is obtained only for the first time when the film thickness is made thick (Recently Development in Photocatalytic 
Reaction. 12 (1994)), and an industrial application of such a proposal has been difficult. 

In spite of the fact that titanium oxide is capable of performing a function to clean the environment by using the inex- 



25 



30 



35 



40 



45 



50 



2 



EP 0 770 579 A1 



10 



15 



20 



25 



haustible-sunligt its industrial utilization has not yet been very advanced. 

Titanium oxkie usually has two crystal phases of anatase type and ruble type ^ roughly ^^j^f^ 
both phases exhibit photcxatalytic activities. In general, the anatase type is, x^dered to have ^effects, but such 
^1 nonpraiiv he determined since there are many activating factors other than the crystal system. 

T n ^^^£^Z^an enew band structure of fine semiconductor particles like titan.um ox.d* 

^ 'Suboxide particles which are commercially available for a photocatalyst. have been made to havehigh cata- 
lyticISSC-Slt g the particle size, the active surface, etc. However, as described above, no effective focng 

^n^gSTnSdt form a secondary partide wherein a plurality of partdes are strong* f loccu^tod. and it * 
m ^r^nS B ^nr5iS Publication No. 33255/1995 discloses an aqueous titanium oxide sol which is stable in 

olass^JJa^^pn^isusualW-ob^^^ 

S aS? 096* Bun. omte Jpn. 67. 843 (1994)). Accordingly. «utuert «mergy required for exortatron has 

prepared from en aloohol solution 01 a ttenium altaode and a *«^ a 7t^^V™ ^wcbyilis 
a rf, „ „ boa shore turbidity but it has a strong inti!rar*in«*aligMin«^yioniVM400iTO^e^lir5 
^J^^^S^2, underthe sunlighl Howeyer. in reality, euoh a film has also shown nosubstental 

a small catalytic activity (Chemical Industry 1988, 482. Chem. Lett., 1994, 855). nrMamc air h 

ThufSr^ng Sod by means of a sol-gel method using a conventional ttanium ox.de sol, has problems such 
that to^Ttaie ^pe does reabsorb the sunlight ar* the rutile type has n^^*" 0 "" M * 
has heretofore been difficult to effectively utilize such a titanium oxide film under the sunlight 

THUSi S the present invention to provide a modified titanium oxide so. which can be .ncorporated ,nto an 
oroanic solvent or a solution of an organic solvent stably in an optional proportion. . . .„ 

^oSer obje^ of the present invention is to provide a photocatalyst composite which exhibits excellent stain- 
oroofino deodorant antrfogging and antibacterial effects and durability. MrvjWo 
P A tSSi oWreint invention is to provide a photocatalyst ^^^^^ » 
of readTLio titanium oxto ., . 

tpS*^ a modified titanium oxide so. obtained by treating an aqueous titanium oxde so. 

utat^^e^r^IWcperfes maybe wasted, and handling used to be difficult T^um ox.de Pf^esare 
*t stmt b^eTaTe™ to bWef locculated with a certaJn specific agent to form a titanium so'. Fu^ 
toarTch altZnToxW^sol is widely commercially sold and readily available. However, such a trtamum oxide sol .s 
aTao^ tSlum S using water as the dispersing merfum, and in the presence of e.g. an organ* solvent rt 

iciikPlv to be readily flocailated.ar^ 
^^SSSS!!mm established a method whereby such an aqueous titanium oxxJe so. can be mcced with 
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an organic solvent in an optional proportion. Namely, the modified titanium oxide sol of the present invention is pro- 
duced by mixing and stirring an aqueous titanium oxide sol with a compound having a phase transfer actjvrty. 

A modified titanium oxide sol will not be flocculated and will be stably present even in an organic solvent, ft is like- 
wise stable in a solution and/or a dispersion of the precursor compound of a metal oxide and remains to be stable for a 
long period of time without flocculation of particles or without gelation of the precursor compound. 

The aqueous titanium oxide sol which can be used in the present invention, may be a sol having titanium oxde par- 
ticles deflocculated in water as a dispersing medium. . 

The titanium oxide particles may be amorphous or crystalline such as anatase type or ruble type. Preparation of 
such a sol is known, and the sol can easily be prepared. For example, metnatrtante acid formed by heating and hydro- 
lyzing an aqueous solution of titanium sulfate or titanium chloride, is neutralized with ammonia, and preciprtated water- 
containing titanium oxide is collected by filtration, washed and dehydrated to obtain flocculates of titanium rcode parti- 
cles. Such flocculates are deflocculated under the action of e.g. nitric acid, hydrochloric acid or ammonia, to obtain an 
aaueous titanium oxide sol. „ ... , 

In the present invention, it is possible to use also a sol prepared by dispersing the flocculates in water under a 
strong shearing stress without using such an acid or alkali. Further, an aqueous titanium oxide sol is commercially sold 

as a titania sol and is readily available. . 

An aqueous titanium oxide sol may also be prepared by def locculating commercially available titanium oxide parti- 
cles under an action of an acid or alkali, or by dispersing them in water under a strong sheanng stress, and the sol pre- 
pared in such a manner, can also be employed. 

The aqueous titanium oxide sol is preferably an aqueous titanium oxide sol having titanium oxide particles having 
an average particle size of from 1 to 300 nm dispersed. Such titanium oxide particles constitute a photocatalyst com- 
position If the average particle size is smaller than 1 nm. the wavelength range of light having an interaction tends i to 
De narrow, and the particles tend to show no activity under the sunlight energy. If it exceeds 300 nm. rt tends to be dif- 
ficult to obtain high activities. The average particle size is more preferably from 1 to 1 00 nm. 

In the present invention, the average particle size means an average particle size of a mixture of primary particles 

^ AT^fco^SSThaving a phase transfer activity, a known compound may be used. Such a compound is dis- 
closed, for example, in "Phase Transfer Catalysts" by W. P. Weber et al. 

In the present invention, "a compound having a phase transfer activity" is defined to be a compound which . forms a 
third phase at the interface between different first phase and second phase and which dissolves and/or solubilizes the 
first, second and third phases mutually. 

Specifically, it may preferably be a crown ether, a quaternary ammonium compound, a quaternary phosphonium 
cornpound, a cyclodextrin, or a pdyalkylene glycol such as a polyethylene glycol or a polyproplyene glycol. 

The compound having a phase transfer activity is preferably a soluble nonionic compound, so that the treated aque- 
ous titanium oxide sol is thereby able to exhibit a stabilized dispersibility for a long period of time. 

Particularly preferred are crown ethers, polyethylene glycols or cyclodextrins. 

The above-mentioned modified titanium oxide sol prepared by treating an aqueous titanium oxide sol with such a 
compound having a phase transfer activity, is more stable in a wide range of environments. 

The modified titanium oxide sol is obtained by mixing and stirring the aqueous titanium oxide sol and the compound 
having a phase transfer activity. It is particularly preferred to gradually add the compound having a phase transfer activ- 
ity, while stirring the aqueous titanium oxide sol. so that the sol can be modified while maintaining the excellent dispers- 
ibility of the aqueous titanium oxide sol. 

The modified titanium oxide sol of the present invention is practically used as mixed with a solvent or dispersing 
medium of a binder, or a solvent or dispersing medium of a binder precursor (which will be generally referred to as a 
binder solvent) As such a binder solvent an organic solvent is preferred, since an organic solvent is used as a solvent 
for precursor compounds of many metal oxides. If a conventional titanium oxide sol is added to an organic binder sol- 
vent, flocculation of particles and gelation of the binder are likely to occur. Whereas, by using the modified titanium 
oxide sol of the present invention, such flocculation or gelation can be avoided. 

In the present invention, the compound having a phase transfer activity is preferably soluble in an organic solvent 
since an organic solvent is preferred as the binder solvent Particularly preferred is a compound soluble in an alcohol, 
since an alcohol-soluble compound is stable in many organic solvents. 

When a low molecular weight compound such as diethylene glycol or triethytene glycol which is a polyalkylene gly- 
col is used as the compound having a phase transfer activity, it is stable for a while after being mixed with an organic 
solvent but rt tends to form precipitates or undergo gelation upon expiration of a few days in many cases 

Accordingly, when a polyethylene glycol is used as the compound having a phase transfer activity, the molecular 
weight is preferably at least 300 on average, so that it is capable of maintaining a stabilized dispersed state even in an 

organic solvent . , 

On the other hand, it is possible to use a polyethylene glycol having a high molecular weight such as an average 
molecular weight of 6.000 or 8.000, or even higher. However, in such a case, if an organic solvent or the like is mixed 
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thereto all at once, separation or precipitation is likely to occur in many cases. Accordingly, the average molecular 
weight is preferably at most 5.000. , L , , „i~*«i 

The modified titanium oxide sol thus obtained can be easily mixed in an optional proporton also to a lower alcohol 
•a inh ac: methanol ethanol or propanol to obtain a stable dispersion. 
s meSn. an aliphatic hydrocarbon such as hexane. cydohexane 

r^rSarbon such asbenzene. toluene or xylene, an alcohol such as butanol. pentanol or hexanoU ^ nca ^ 
suchss ethylene Glycol propylene glycol, hexylene glycol or glycerol, a glycol denvative such as ethylene glycol 
l^TSS ace^te mcZethy. ether, a ketone such as acetone, methyl ethyl ketone orac* 
ZerloTe an ester kich as ethyl acetate or methyl benzoate. an ether such as tetrar^rofuran or dioxan* an amrie 

co^nd sucH chloroform, methylene chloride or carbon tetrachlorde and others such ^ a^^d a^one 
Sol dimethyl sulfoxide, tetramethylene sulfone and nitrobenzene, may be mentoned. These compounds may be 
used alone or in combination as a mixture of two or more of them, as the dispersingj r,edium 

Thus, the modified titanium oxide sol of the present invention can read.ly be incorporated to various orgamc soiu 
is tions of resins or solvent type coating materials to form stable dispersions. 

The present invention also provides a photocatalyst composition containing ttamum °^eform« 
tied mT oxide sol obtained by treating an aqueous titanium oxide so. with the compound having a phase transfer 

„ nJSKS? Z SX, titanium oxHe so. and a metal oxide (second 

compound of a metal oxide. By such a constitution, high catalytic act.vrt.es and excellent form-ma.rrtain.ng properties 

tive. However, handling of particles is difficult not only during the react-on but also ^.^^^^2^ 
wrth a bulky block form, the utilization efficiency of the surface is low. From the viewpoint of the molding processab.lrty. 
hanHiinn pffirifincv utilization efficiency, etc., a film form is most useful. 

point o! £r! TnSldability. the film thickness is preferably at least 5 nm. Even ■ the iNdn. is .ncreased. the .ncrease ,n 
toe utilization efficiency tends to be less, and the film thickness is preferably at most 100 \im. 

tStaS partic.es of the first component will be exerted upon absorption of W*o™**» sunlight to 

provHepH^ 

of primary particles to realize high catalytic effects. l, ^^^.imt ran 

The titanium oxide particles of the first component are preferably crystalline, since high P^^f^T 
thereby be provided. It is^articularly preferred that at least 60% of the titanium are "fan anatasetypa 

40 The titanium oxide particles of the first component may contain ruble type crystals within a range ^ exceed 
^The^ety^ayS will be excited eyen with a light having lower energy. Jar .toe rM^nri« 
rtTexp^^toaVex^cTformed in the t ^^mX^m^fkmB.\o^wa^^w»Ntm^tm 

ph ^ ro o^oirsS 

« fixtoetitoniumoxideparticlesoftoef^ 

^iSStiSox^e in the metal oxide of the second 1*-* * 

high catalytic activities, although it depends also on toe content of the titanium oxjdej particles ^*£"<""£ 

9 Sum oxide in the second component is usually considered to have no ^^^^^J^l 
thin film formed by a sol-gel method. However, in the present invention, .t is considered toat a part o^.gWenergy 
Senium oxide particles of the first component which are microscopically dispersed. ,s transmrtted to 
titanium oxide of the second component and serves as exciting energy to provide the catalytic activities. 

SSde^ Sher than titanium oxide may. for example, be zinc oxide, aluminum oxide, silver ox.de. alicon arievrco- 
niumSdt tin oxide, cerium oxide, tungsten oxide, iron oxide, copper oxide, strontium titana e a 
The precursor compound to form a metal oxide of the present ■ «» PJ*^^ * " 

compound which will eventually be converted to a metal oxide. From the viewpoint of convenience in handhna at least 
S^rsTected from the group consisting of a metal alkoxide. a metal acetylacetonate. a metal carboxylate and 

3 ^eSum'oxKte Seles of the first component constituting the photocatolyst composition of the present inven- 
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re^rr d ^o Sn a tough molded product of the ^^j* fo 75 ^ ^ on » e 

The content of the titanium oxide particles of the first component .s ™" 

in, and with an 

conation, so that excellent >>^7J^^^iZSil«"o*.«< 
odd. * mixing them inaconanon solvent ^"^"^^^^ed. ^pec^co^ndeo. 

r^c^e^^ 

^^■^^^^^^^^^■^^ 

VU^ttephMocaJalyBcconvos^form^^ 
er«i,he<^c.c^eso.thethinli.^^ 

em inn, or a trens.uoen.lilm. so tat hgM , nor| |T averaoeiS.de size of the ■» 

component, and the film-forming process. transparent material, and it is capable of imparting 

proofing, deodorant or arrtifogging properties to vanous P"»^*- composition of the present invention 

Glasses, ceramics, tiles, cements, concretes, etc., hanngth •J^^^Z^ materials. Thephoto- 
applied on their surface, can be used ^ndows. = ^S'SSL^ of algae, it can 
catalyst composition of the present «M **Z^*£?2* 5SE£ Further, it may be applied on the 

SrTcTr^^^^^ 

them for cleaning the water. . ; „ )Qrrf „ te ,-arable of maintaining the stable dispersed state for a 

The modified titanium oxide sol of the present invention is capable or maimai a 

"ZZE?I!ZS£*> "1 is possible to reinforce such a slrudure » -j-M he t*x*,e can b. dorahle 

-oc^^rcS^^ 

« rnodemta te atBck end ftus sen^ » n-r^n the a^ 
Tl.ephMoca6^<x»r«x^ of the prase™ ir^ 

men., such as me euntghl * ax** high ^^^^^ZS^^L, MenoVtanp. Further. 
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nium oxide having an average part.de s.ze erf 7 ™ ^£»2n2aw arweigWcSoo was added and mixed thereto 
arrflOOr^byweightofpolye^^^ 

left to stand'at room temperature for 6 months, whereby no change was observed. 



35 EXAMPLE 2 
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formed from the solution (A) were homogeneously distnbuted. 



EXAMPLE 3 
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titanium oxide sol (b). ^ nart«t hv weiaht of the sol (b) was used instead of 20 

transparent titanium oxide film in the same manner as in Example 2. 
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EXAMPLE 4 

284 parts by weight of titanium isopropoxide, 1 30 parts by weight acetylacetone and 1 ,000 parts by weight of hex- 
ylene glycol were mixed and stirred to obtain a solution, and hexylene glycol was further added thereto to obtain a pale 
s brown transparent titanium oxide precursor solution (B). The concentration of Ihe solution (B) calculated as Manium 

Then 100 parts by weight of the solution (B) and 26 parts by weight of the sol (b) were mixed and stirred to obtain 
a titanium oxide film-forming agent (3). This film-forming agent (3) was coated on a commercially available float gtess 
sheet by f lexo printing and dried at 120»C. followed by baking at 500°C for 1 0 minutes, to obtain a glass sheet provided 
w with a transparent titanium oxide film. 

EXAMPLE 5 

40 parts by weight of a commercially available ultraf ine particulate titanium oxide of anatase type having an aver- 
age particle size of 24 nm and 200 parts by weight of distilled water, were put into a ball mill and intensely strred for 80 
hours for peptization, followed by sieving to obtain an aqueous titanium oxide sol. 40 parts by weight of PEG 400 was 
added to 100 parts by weight of this sol. and the mixture was stirred to obtain a milky white modified trtanium oxide sol 

(C) ' Then 100 parts by weight of the solution (B) and 45 parts by weight of the sol (c) were mixed and stirred to obtain 
a titanium oxide film-forming agent (4). In the same manner as in Example 4 except that the film-forming agent (3) in 
Example 4 was changed to the film-forming agent (4), a glass sheet provided with a transparent titanium oxxle film was 
obtained. 

EXAMPLE 6 

25 

A modified titanium oxide sol (d) was prepared in the same manner as in Example 5 except that instead of 40 parte 
of the commercially available ultrafine particulate titanium oxide of anatase type having an average particle size of 24 
nm used in Example 5. 30 parts by weight of a commercially available ultrafine particulate trtanium oxide of anatase 
type having an average particle size of 26 nm and 10 parts by weight of a commercially available ultrafine particulate 
30 titanium oxide of rutile type having an average particle size of 40 nm, were used. 

In the same manner as in Example 5 except that the sol (d) was used instead of the sol (c). a glass sheet provided 
with a transparent titanium oxide film, was obtained. 
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284 parts by weight of titanium isopropoxide. 31 parte by weight of tetraethoxysilane, 200 parte by weight of acety- 
lacetone and 300 parts by weight of hexylene glycol were mixed and stirred to obtain a solution, and ethanol was added 
to the solution to obtain a metal oxide precursor solution (C) containing pale brown transparent titanium oxide. The con- 
centration of the solution (C) calculated as the metal oxide was 10 wt%. 

Then 50 parts by weight of the solution (C) and 50 parte by weight of the sol (b) were mixed and strred to obtain 
a titanium oxide film-forming agent (5). In the same manner as in Example 2 except that the film-forming agent (1) used 
in Example 2 was changed to the film-forming agent (5). a glass sheet provided with a transparent trtanium oxide film 
was obtained. 



45 EXAMPLE 8 



A modified titanium oxide sol (e) was prepared in the same manner as in Example 5 except that instead of the com- 
mercially available ultrafine particulate titanium oxide of anatase type having an average particle size of 24 nm used in 
Example 5, a commercially available ultrafine particulate titanium oxkle of rutile type having an average particle size of 

40 nm> t w ^ u m ^ 1 manner as jn Example 5 except that the sol (e) was used instead of the sol (c). a glass sheet provided 
with a transparent titanium oxide film was obtained. 



EXAMPLE 9 



55 



Preparation of a titanium oxide film-forming agent (7) was attempted in the same manner as in Example 2 except 
that instead of 20 parts by weight of the sol (a) used in Example 2, 28 parts by weight of the commercially available 
titanium oxide sol in Example 3 was used by itself. However, when stirring stopped, a white precipitate sedimented. and 
when the film-forming agent (7) was left to stand at room temperature for one day, it underwent gelation. 
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EXAMPLE 10 

A glass sheet provided with a transparent titanium oxide film was prepared in the same manner as in Example 2 
except that the solution (A) was used by itself as the titanium oxide film-forming agent in Example 2. 

EXAMPLE 11 

A glass sheet provided with a transparent titanium oxide film was prepared in the same manner as in Example 10 
except that a step of spin coating and drying in Example 1 0 was repeated three times to increase the film thickness. 

EXAMPLE 12 

A commercially available float glass sheet provided with no film, was prepared. 

With respect to each of glass sheets of Examples 2 to 8 and 10 to 12. the stain removal ratio and the contact angle 
of water were measured. The results are shown in Table 1. For the stain removal ratio, each glass sheet was marked 
with an ethanol solution containing 5% of a commercially available water-soluble dye and then exposed to the sunlight 
for from 1 0 o'clock to 1 6 o'clock, whereupon the stain removal ratio was obtained by the following formula 

Stain removal ratio (%) = (AE 1 -AE 2 )/AE 1 x 100 . where AE, is the color difference of the slam-marked glass 
sheet from the film-coated glass sheet, and AE 2 is the color difference of the stain marked glass exposed to the sunlight 
for 6 hours from the filrrhcoated glass sheet For the contact angle of water, a test specimen left to stand at room tem- 
perature for one month, was irradiated with black light for one hour, whereupon the contact angle of water was meas- 
ured by a contact angle meter, manufactured by Kyowa Kaimen Kagaku K.K. 

As is evident from Table 1 , the glass sheets provided with the films made of the photocatatyst compositions of the 
present invention had high stain removal ratios and hydrophilic surface. 

Separately from the above evaluation, evaluation was carried out also with respect to the deodorant property, the 
antifogging property, the antibacterial property, the adhesion to the substrate, the strength and the durability, whereby 
the glass sheets of Exairples 2 to 8 were found to exhibit adequate performance in each of these properties without 
any practical problem. 
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Table 1 







Film thickness (jim) 


Stain removal ratio (%) 


Contact angle of water 
(degree) 


35 


Example 2 


0.1 


102 


= 0 




Example 3 


0.05 


100 


= 0 




Example 4 


0.16 


100 


= 0 




Example 5 


0.11 


98 


%0 


40 


Example 6 


0.12 


104 


= 0 




Example 7 


0.07 


101 


= 0 




Example 8 


0.1 


44.4 


3.5 


45 


Example 10 


0.07 


9.1 


60 




Example 11 


0.18 


19.6 


28 




Example 12 
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The modified titanium oxide sol of the present invention can be mixed in an optional proportion with an organic sol- 
vent, and it can be dispersed in an optional proportion also in an organic solvent or dispersing medium of a resia 

By using the modified titanium oxide sol of the present invention, titanium oxide particles can be incorporated uni- 
formly to various resin films, sheets, fibers, or various coating materials, coating agents or cosmetics, whereby it is pos- 
55 sible to effectively impart a function such as control of transmittance or shielding of light reducing ultraviolet rays or 
controlling photo activities. . 

Further, the modified titanium oxide sol of the present invention can be blended to a solution or dispersion having 

an ability of forming a film of a metal oxide. 

By using the photocatalyst composition-forming agent of the present invention, fixing of titanium oxide particles can 
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be facilitated to obtain a practical photocatalyst composition. Further, preparation of a transparent film is easy, and 
processing into various shapes is possible. The obtained composition provides a high level of adhesion to the substrate 
and is excellent also in the strength, durability, etc 

Further the photocatalyst conposition of the present invention exhibits excellent stainproofing, deodorant, antjfog- 
5 ging and antibacterial properties as well as durability, under the sunlight or under the interior lamp light. 

Claims 

1 . A modified titanium oxide sol obtained by treating an aqueous titanium oxide sol with a compound having a phase 
10 transfer activity. 

2. The modified titanium oxide sol according to Claim 1 , wherein the compound having a phase transfer activity, is a 
soluble nonionic compound. 

75 3. A photocatalyst composition-forming agent comprising a modified sol as defined in Claim 1 and a precursor com- 
pound of a metal oxide. 

4. The photocatalyst composition-forming agent according to Claim 3. wherein the compound having a phase transfer 
activity, is a soluble nonionic compound. 

5 The photocatalyst composition-forming agent according to Claim 3 or 4. wherein the precursor compound of a 
metal oxide is a precursor compound of a metal oxide containing a precursor compound of titanium oxide. 

6 The photocatalyst composition-forming agent according to any one of Claims 3 to 5. wherein the precursor com- 
pound of the metal oxide is at least one member selected from the group consisting of a metal alkox.de. a metal 
acetylacetonate, a metal carboxylate and a metal chelate. 

7. A photocatalyst composition comprising titanium oxide formed from a modified titanium oxide sol as defined in 
Claim 1 or 2. 

8. A photocatalyst conposition formed by using a photocatalyst composition-forming agent as defined in any one of 
Claims 3 to 6. 

9. The photocatalyst composition according to Claim 7 or 8, which is in the form of a film. 

10. A glass article corrprising a glass substrate and a photocatalyst composition as defined in Claim 7 or 8, formed on 
the substrate. 
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